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Introduction
Sincetheintroductionof topicalcorticosteroidformulations,theirusehasbecome
widespread,being prescribedfor a large variety of dermatologicalconditions.This
widespreaduse has createda n~edfor a reliable method of assessingthe various
dosageformsof thesecompounds.Clinical trials arelaborious,costlyand difficult to
mount as well as being impractical for the screeningof large numbers of drugs.
Patients suffering from dermatologicalcomplaints are not ideal subjects for the
testingof topical corticosteroidpreparationsas it is difficult to obtain standardized
lesions which are necessaryfor the comparisonof resultsbetweenpatients(Baker
and Sattar,1968).For thesereasonsa numberof methodshavebeendevelopedfor
the screeningof novel corticosteroidsand testingof topical corticosteroidformula-
tions.
Of all thein vivo methodscurrentlyin use,thehumanskin blanchingassayis one
of themostreliableand convenient.The production of blanchingin humanskin is a
side-effectof topical corticosteroidapplication and it was first observedby Hol-
lander et al. (1950).They noted that intra-articularadministrationof corticosteroids
produced blanching of the engorged synovial membrane. It was later observed
(Ashton and Cook, 1952)that apparentvasoconstrictionoccurredin the superficial
corneal vasculaturewhen treatedwith subconjunctivalcorticosteroids.It was not
until 1962(McKenzie and Stoughton) that it was realized, after observationthat
topical corticosteroidsunder occlusion producedblanching of psoriasislesionsand
the surrounding skin, that this blanching might be used as a measureof the
percutaneousabsorption of corticosteroidsfrom topical formulations. Since that
timenumerousworkershavemodifiedand extendedthehumanskin blanchingassay
which today providesa reliable and precisemeansof testingtopical corticosteroids
and their formulations (Barry, 1976). Although this method has been cited in
numerouspublications as the vasoconstrictortest or assay,since the exact mecha-
nism of the observed responsehas not yet been fully elucidatedand since the
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measurementsare based upon the degreeof blanching produced and not vaso-
constrictionper se,we prefer to call this techniquethehuman skin blanchingassay.
Blanchingassaymethodology
The human skin blanchingassayhasundergonemany modificationssinceit was
first suggestedand themethodologycurrently in usein our laboratoriesis similar to
that usedin otherpartsof theworld. Healthy maleand femaleCaucasianvolunteers
are used who have not receivedtopical or systemiccorticosteroidsfor at least 6
weeks prior to the investigations;normally 10-15 volunteers are used in each
experiment.In order to minimize the possible effects of environmentalvariables
such as ambienttemperatureand humidity, all volunteerspartakingin anyone trial
are processedconcurrentlyat intervalsof 5 min. Adhesive labels from which two
independent7 X 7 mm squareshad beenpunchedare applied to theflexor aspectof
both forearmsof each volunteer,producing 12 discreteapplication sitesper arm.
Occlusion is achievedby using a non-porous plastic tape; a single piece(70X 25
mm) being applied over eachpair of application sites. In unoccludedexperiments
the sitesare protectedwith a cardboard frame held in place with surgical tape to
preventaccidentalremovalof thetestpreparations.In both modesof applicationthe
adhesive labels are left in place for the duration of the application time. The
preparationsto be testedare codedby a personnot directly involved with the trial,
as are the application sites.Normally 4 different applicationcharts are usedin any
one trial to prevent the appearanceof a recognizablepattern on the arms of the
volunteers.Four 7 mm stripesof eachpreparationare applied to each application
site. The standard mass is extrudedfrom 1 ml disposabletuberculin syringes,the
needlesof which had been cut to 5 mm in order to facilitate the extrusion of the
formulatedproduct.The modeof applicationallowsa preciseamountof preparation
to be applied(Magnus et aI., 1980).The syringesare filled immediatelyprior to use
to minimizeany possibleinteractionbetweenthe preparationand theplastic matrix
of the barrel of the syringe.The syringesare discarded after use. The extruded
formulationsarespreadover the applicationsite usinga differentglassrod for each
preparation.During lotion and solutionassessments,fixed volumesareapplied from
a disposabletip using an autopipette.The formulations are allowed to remain in
contactwith theapplicationsitesfor 6 h afterwhich time thelabels,occlusiontapes
and protectivecovers are removed.All adhesivematerialsare removedslowly to
reduce erythemaand to prevent possible stripping of the epidermis.The sites are
then gently washedwith soap and warm water and patted dry with a towel. The
forearmsoften showpuckeringand slighterythemaaround the applicationsites,but
this normally disappearswithin half an hour. Three independentobserversare used
to visuallyassessthedegreeof skin blanching.Assessmentsof blanchingaremade7,
8, 9, 10, 12, 14, 16, 18, 28 and 32 h after application of the formulations which
allows for the establishmentof a blanching profile. Standard lighting by overhead
fluorescentlamps is used throughoutthe investigation.The arms of the volunteers
areplacedhorizontallyon a deskdirectlyin front of theobserverand thereadingsof
all 3 observersare used to analyzethe data.
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Fig. 1. A typical blanching responseafter the application of sometopical corticosteroid formulations.
Three methodshavebeepusedin our laboratoriesto evaluatethe resultsof skin
blanching.The first involvesa simpleyes/no evaluationof whetheror not blanching
is presentat eachapplicationsite.Thesedata are normally reportedin termsof the
total numberof sitesrespondingto a givenformulation. Of the threemethodsused
this is theleastsensitiveas it givesno indication of thedegreeof observedblanching.
The secondmethodinvolvesthe determinationof the degreeof observedblanching
at eachapplicationsite for eachtime interval.An arbitrary 0-4 intensityscalehas
been defined where 0 representsno blanching and 4 representsintenseblanching
over the whole application site with the values of 1, 2 and 3 representingthe
respectivegradesof blanchingbetweenthe two extremes(Meyer et aI., 1981).These
data are usually presentedin terms of the percentageof the total possible score
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calculatedusing the following method:
The maximumscoreper site
The numberof independentobservers
The numberof sitesper preparationper arm
The numberof volunteers
Total possiblescore(TPS)
. Actual score
Percenttotal possIblescore(% TPS) = TPS X 100
The profiles generatedby useof thesecondmethodare also amenableto areaunder
the curve(AUC) analysis.The trapezoidalrule is usedto calculateAUC values.The
third methodof analysismakesuseof a paired comparisonof adjacentapplication
sites(Poulsenet aI., 1974).This methodis extremelyusefulfor thedirectcomparison
of different formulations applied as pairs. Comparisons are made along the x
and/or y axes on the forearm in a two-dimensional plane. For each pair of
application sitesone of the following decisionsis required:(1) one site exhibiteda
greaterdegreeof blanching than the other; (2) both sitesexhibitedan equaldegree
of blanching; (3) blanching was not observedat either site. The resultsobtained
from all three of the abovemethodsof evaluationmay be analyzedstatisticallyif
requiredby X2, ANOVA or other appropriatetechniques.
Provided the protocol of this method is strictly adhered to by experienced
workers, the assayhasbeenshownto be sensitive,accurateand reproducible(Barry
and Woodford, 1978).Obvious advantagesof using thehumanskin blanchingassay
are that healthynormal skin is used,it is not painful to the volunteersand several
preparationscan be evaluatedsimultaneously.
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Mechanismof blanching
The exactmechanismof blanching as producedby topical corticosteroidsis not
yet fully understood.A numberof researchershaveimplied thata relationshipexists
between the release of endogenousnoradrenaline in response to corticosteroid
application but othershave demonstratedthat noradrenalineis not the only factor
involved. It was found (Fritz and Levine, 1951)thatvasoconstrictionby noradrena-
line in themesoappendixof adrenalectomisedratsdoesnot occur unlessthecortical
extractis applied topically,suggestingthatcorticosteroidsmay supportvasculartone
by potentiatingthe pressoraction of noradrenaline.Subsequentstudies(Reis, 1960)
demonstratedthat adrenocorticalsteroidshave a local and direct effect on normal
bulbar conjunctivalvesselsas well as potentiatingnoradrenaline,but a later report
(Juhlin, 1964)showedno evidenceof sucha potentiationin thevascularreactionof
normal skin treated with fluocinolone acetonide. It was therefore assumedthat
blanching was due to a vasoconstrictoreffect of the corticosteroiditself. Further
researchshowed(Frank et aI., 1964;Altura, 1966) that corticosteroidsdo not act
directly by constrictingany of the muscularcomponentsof the capillary bed, but
enhance vascular reactivity to various constrictors whilst suppressinghistamine,
bradykinin and tetrahydrofurfurylalcohol inducedvasodilationaswell aspotentiat-
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ing noradrenaline.It has been demonstrated(Solomon et aI., 1965)that guanethi-
dine inhibits vasodilation in normotensivesubjects,suggestingthat corticosteroid
vasoconstrictionmay be mediatedby noradrenalinereleasedfrom previouslydem-
onstrated (Moller, 1962) cutaneous stores of unknown location. Induced
tachyphylaxisto topically appliedcorticosteroidshasbeendemonstrated(Du Vivier
and Stoughton,1?75). As a result of thesestudies,it has been suggestedthat the
cutaneous stores of noradrenaline might be situated in nerve vesiclesand that
topically applied corticosteroidsmay act indirectly by releasingthis endogenous
noradrenaline or influencing its metabolism or re-uptake. Alternatively, it was
suggestedthat thesteroidmay attachitself to a receptorsitecausingthereleaseof an
intracellular mediator such as adenosinemonophosphateor guanosinemonophos-
phate.
The effectsof site occlusionon skin blanching
It is well recognizedthat the degreeof hydration of the horny layer of the
epidermisaffectsits permeabilityfor corticosteroidsand their transportthroughthe
skin. Hydration results from water diffusing from underlying epidermal layers or
from the accumulation of perspiration after occlusion. The stratum corneum is
changedfrom a tissuethat normally contains little water (5-15%) to one that may
contain asmuch as 50%water,and permeabilityincreasesin theorder of 4-5 times
(Idson, 1975).Hydration opens up the compactsubstanceof the stratumcorneum
and not only increasesthe rate of percmaneousabsorption,but also increasesthe
possibility of the formation of a reservoirof corticosteroid(Vickers, 1963). In a
study involving the useof both creamsand ointmentsit was found (Coldman et aI.,
1971b) that ointments produced a greaterdegreeof blanching of the skin than
creamscontaining the samecorticosteroidin the sameconcentration.It has been
postulatedthatthehigherdegreeof blanchingobservedfor ointmentsmaybe due to
the high placebo responseof white soft vaseline(Coldman and Lockerbie, 1971;
Barry and Woodford, 1972),althoughit is morelikely due to theocclusivenatureof
the ointmentpreparations,resultingin an increaseddegreeof skin hydration. In an
early study (McKenzie and Stoughton,1962)it was found that the useof occlusion
resultedin a lOa-fold increasein the absorption of triamcinoloneacetonide,fluo-
cinolone acetonideand dexamethasonewhen compared to an unoccludedtopical
application.Occlusionwith plasticfilm providesthesinglemosteffectivemechanism
for increasingthepenetrationof topicalcorticosteroids.It hasbeenshown(Maibach,
1976) that hydrocortisone is absorbed in la-fold greater amounts with plastic
occlusion comparedto unoccluded.This differencecould be clinically significant;
many refractory dermatosescould become responsive due to this factor alone.
Although occlusionwith plastic film also causesan increasein skin temperature,the
practical importanceof temperatureeffectsin topical therapyis likely to beof minor
importance. Occlusion increasesthe temperatureby preventingevaporation and
reducing the loss of heat by radiation. The permeabilitychangeinduced by this
small increasein temperatureis probably slight relative to that produced by the
increasedhydrationof the stratumcorneum.
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The skin reservoir
The existencein the skin of a depot or reservoirfor topical corticosteroidswas
first suggestedby Malkinson and Ferguson(1955).Vickers (1963)demonstratedthe
existenceof this reservoirin the stratumcorneumand found it to be of considerable
capacity.After theinitial applicationof corticosteroidto theskin, thetestareaswere
occluded for 16 h and on removalof the occlusion materialblanching was visible,
but fadedafter10-16 h. The testsitesweresubsequentlyre-occludedevery2-3 days
and on removalof theocclusionblanchingwas againobserved.In somevolunteersit
was possible to demonstrateblanching up to 15 days after the initial application.
The existenceof this reservoir has been confirmed by a number of workers
(Stoughton, 1965; Carr and Wieland, 1966; Brode, 1968; Woodford and Barry,
1974). Feldmann and Maibach (1965) have suggestedthat the deeper layers are
implicated as well as the stratumcorneumand that subcutaneousfat may also be
involved.The retentionof a corticosteroidin the skin shouldalsobe consideredas a
factor affectingits relativepotencyas the existenceof a reservoirallows the steroid
to be releasedslowlyovera period of time.It hasbeenshown(Barry and Woodford,
1974,1975,1976;Woodford and Barry, 1974)that thedegreeof blanchingproduced
following re-occlusionof proprietary formulations was proportional to the clinical
efficacy of the preparation.This was only in the case of the more potent corti-
costeroidsas it was not possible to demonstratethe existenceof a reservoir for
hydrocortisonepreparations.The sameauthors, in their assessmentof blanching
using a multiple dosage regimen (Barry and Woodford, 1977), found that the
reservoir for the more potent corticosteroidswas erratic and it was again not
possible to demonstratea reservoir produced by hydrocortisonepreparations. In
order to correlateblanchingresponsewith corticosteroidskin concentration,hydro-
cortisone concentrationswere determinedin skin samplesfrom subjectsin whom
blanchingwas also assessed(Wallaceet aI., 1979).The epidermalskin concentration
of hydrocortisonewas significantlygreaterin thosesubjectswho exhibitedblanch-
ing. The data suggestedthat a minimal epidermalreservoir of 200 }lg hydrocor-
tisonejg lyophilized tissueis necessaryto elicit a definiteblanching response.
Correlationof blanchingwith clinical efficacy
The strongdegreeof correlationbetweenblanching activity and clinical efficacy
has been the subject of a number of papers.This correlation has been observed
irrespectiveof the type of clinical study employed(Williams et aI., 1964; Barrett et
aI., 1965; Portnoy, 1965; Munro et aI., 1967; Reid and Brookes, 1968; Moore-
Robinson, 1971;Burdick, 1972a,1972b;Stoughton,1972,1976;Smith et aI., 1973;
Kaidby and Kligman, 1974; Fredriksson et aI., 1975; Whitefield and McKenzie,
1975;Bluefarb et aI., 1976;Haleblian et aI., 1977;Miller and Munro, 1980).Other
topical corticosteroidscreeningtestshavebeenshownto be inconsistentwith clinical
efficacy (Sparkes and Wilson, 1974).The human skin blanching assay has been
describedas an excellentmodel in evaluatingthe efficacyof topical corticosteroids
prior to their final testingduring clinical trials (Haleblian, 1976).
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Correlationof blanchingwithin vitrorelease
Whilst goodcorrelationshavebeenreportedbetweenthedegreeof blanching
causedby topicalcorticosteroidformulationsandtheirclinicalefficacyasdescribed
above,attemptshavealsobeenmadeto establisha relationshipbetweenthedegree
of blanchingandin vitro rateof release.Busseet al. (1969)utilizedtwo in vitro
systems.One consistedof a vesselcontainingtwo phases,alcohol/waterand
chloroform,ontowhichbetamethasone17-valeratepreparationswerelayered.It was
shownthata relationshipexistedbetweentheblanchingobservedin vivoandthe
~egreeof releasemeasuredusingthisin vitro system.The secondin vitro system
using isopropylmyristateimpregnatedfilter paper as the receivingphasealso
showeda directcorrelationbetweenthedegreeof blanchingandin vitrorelease.In
orderto determinetheeffectof vehiclecompositionon thereleaseof iluclorolone
acetonidefromsl;:veralcreamandointmentformulations,MaloneetaI. (1974)used
a teilon cell with wateras the receivingphasefor the ointmentsand isopropyl
myristatefor thecreams.A positivecorrelationwasfoundbetweenin vitrorelease
and thein vivoblanchingresponse.The releaseof theactivecomponentsfroma
numberof differentiluocinoloneacetonideand iluocinonidetopicalpreparations
wasassessedin vitrousingadiffusioncellandexcisedwholehumanabdominalskin
(Poulsen,1970,1973;Katz and Poulsen,1971,1972;Ostrengaet aI.,1971b).The
relationshipsbetweenthephysicalpropertiesof thedrugandvehiclewereshownto
correlatewellwiththenatureof thein vitroreleaseprofilesandskinblanching.In
the developmentof a iluocinonidegel formulationa high degreeof correlation
betweenthein vitro releaseinto isopropylmyristateandskinblanchinghasbeen
shown(HaleblianetaI.,1979).Furtherwork(BarryandWoodford,1978)usingan
in vitro systemconsistingof a bagformedfrom soakedcellulosedialysistubing
containingoneof severalbetamethasone17-benzoategelformulationswasemployed
to measurethe releaseof the cQrticosteroidinto a chloroformreceivingphase.
Resultsfromthesestudieshowedthattheamountof corticosteroidreleasedin vitro
wasproportionalto theamountof formulationappliedto theskinandthedegreeof
blanchingobservedin vivo.Correlationsbetweenin vivoblanchingresponseand
amountof corticosteroidreleasedin vitro from variousformulationscontaining
betamethasone17-valerate(Amundsenet aI., 1981)or ilucloroloneacetonide
(Rosvoldet aI.,1982)havebeendemonstrated.The in vitrosystemwassimilarto
thatusedby PoulsenetaI. (1968)usingisopropylmyristateasthereceivingphase,
thestudyinvolvinganassessmentof theeffectof propyleneglycolconcentrationon
boththeblanchingresponseandthein vitroreleaseof corticosteroid.
Theassessmentof variablesaffectingtheblanchingresponse
Thebiologicalmodel
Thereis considerablevariabilitybetweenindividualswithregardto theirability
to blanch.Somepeopledonotshowthephenomenonatall, evenon applicationof
largeamountsof themostpotenttypesof corticosteroidformulationsunderocclu-
sion. For this reasonvolunteersshouldbe screenedbeforetheir inclusioninto
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experimentsof thiskind.Amongstthosepeoplewho do exhibitthisphenomenon
therearethosewhoblanchexcellently,averagelyand poorly.Peoplewhoblanch
excellentlytendtobepoordiscriminators;manypreparationsof differentypesand
strengthsof corticosteroidselicitmaximalblanchingin peopleof this type.Poor
blanchersaresimilarlydifficulttouse;it is oftendifficulttodeterminethedifference
betweenpoorblanchingandnormalskinmottling.Dark-skinnedracesdonotshow
blanchingat all,presumablybecause,althoughblanchingmayoccur,it is situated
belowthemelaninlayerandis notobservable.
Theskinsite
It is a wellrecordedfactthata topicalformulationof a particularcorticosteroid
will producedifferentdegreesof blanchingaccordingto thepart of thebody to
whichit is applied(Croninand Stoughton,1962;Rushmeret aI., 1966;Ishihara,
1976;Kidd, 1975;Stuttgen,1976;Osamtira,1982;Idson,1983).Work of thiskind
hasstandardizedon theflexoraspectof theforearmfor twomainreasons,firstly
thisareashowsreasonablygoodpermeabilityandsecondlytheconveniencefactor.
Volunteersare ambulatoryand only slightlyinconveniencedby the cardboard
guards,and at observationtimesundressingis unnecessary.A disadvantagewith
regardto the useof the forearmis that inconsistenciesof blanchinghavebeen
observedin sitescloseto the elbowand wrist (McKenzieand Atkinson,1964;
Burdick,1974;Barry and Woodford,1978).It has recentlybeendemonstrated
(KirschetaI.,1982)thatthereis a blanchinggradientalongtheforearmincreasing
in intensityfromelbowto wrist.This disadvantagecanbe overcomeby ensuring
thatapplicationsitesfor eachpreparationincludesitesoverthewholeforearm.
Theamountofformulationapplied
Early work in this field on alcoholicdilutionsof a numberof topicalcorti-
costeroidsindicatedthatdifferentconcentrations,whenappliedto theskin,pro-
duceddifferingdegreesof blanching(FalconiandRossi,1972;EngeletaI., 1974;
BarryandBrace,1975;ClanachanetaI.,1980).In thecaseof formulatedproducts,
theapplicationof reproducibleamountsto thetestsiteis extremelydifficult,andit
hasbeenreported(BarryandWoodford,1974)thatfor betamethasone17-valerate
creamand ointment,a variationin massof 3-8 mg spreadover a 7 X 7 mm
applicationsitedid notsignificantlyeffectthedegreeof observedblanching.A later
report(Magnuset aI., 1980)on the assessmentof somevariablesaffectingthe
blanchingcausedby betamethasone17-valeratecreamshowedthat considerable
differenceswereobservedwhen differentmasseswere appliedto a 7X 7 mm
applicationsite.Theobservedblanchingincreasedwhenfrom1.6to4.8mgof cream
wereapplied,butover4.8mgdid notincreaseit further.Sincethecorticosteroidis
releasedfromthesurfaceof thecreamin contactwiththeskin,thethicknessof the
layerof creamappliedwill be significant;overa certainthicknessno increased
releaseof corticosteroidwouldbe expected.This criticalthicknessof thelayerof
creammaywellhavebeenachievedwith4.8mgof betamethasone17-valeratecream.
It mayalsobethat,at theconcentrationlevelof 4.8mgof creamper7X 7 mmsite,
themaximumblanchingactivityof thecorticosteroidhasbeenreached.
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Occlusiontime
As discussedearlier,it is well knownthat occlusionof topicalcorticosteroid
formulationswith a non-porousplasticfilm increasesthepenetrationof thecorti-
costeroidthroughtheskin.Differentocclusiontimeshavebeenusedby anumberof
workersin thefield,but onlyonereporthasbeenpublished(Magnuset aI.,1980)
concerningthe effectof severaldifferentocclusiontimeson the'sametopical
corticosteroidpreparation.The formulationusedwas a commerciallyavailable
betamethasone17-valeratecreamandtheocclusiontimesstudiedwere2,4,6,8,10
and12h.Theresultsof thestudyshowedthattheobservedblanchingincreasedwith
an increasedocclusiontime,a plateaustagebeingreachedat 10 h. The 10-h
occlusionmaximummayrepresenthemaximumblanchingabilityof thecortico-
steroidor it maybethatthe10-hocclusiontimecausesmaximumhydrationof the
stratumcorneum.Workersin thisfieldhavestandardizedona6-hocclusiontimeas
thispermitsmaximumdifferentiationbetweenproducts.
Blanchingmeasurement
Themostcommonlyusedmethodfor thedeterminationof thedegreeof blanch-
ing is visually,usingan arbitrarilydefinedscale.Becauseof the possibilityof
differencesbetweenindividuals,weuse3independentexperiencedobserversin our
laboratories,theresultsof all 3 observersbeingpooledin theanalysisof thedata.
Workersin Germany(ZaunandAltmeyer,1973;AltmeyerandZaun,1974a,1974b,
1976a,1976b;AltmeyerandKrumney,1978)and England(Dawsonet aI., 1980;
FeatheretaI.,1982;RyattetaI.,1982)havedevelopedinstrumentaltechniquesto
determinedifferencesin skin colour and consequentlythe degreeof blanching
producedby topicalcorticosteroids.Thesetechniquesarecumbersomeandexpen-
siveandnorealadvantagesoverthevisualmethodhavebeendemonstratedbytheir
use.
Applicationsof thehumanskinblanchingassay
Screeningof compoundsfor topicalactivity
Sincethe degreeof blanchingproducedby topical corticosteroidshas been
correlatedwiththeirclinicalefficacy,it followsthatthehumanblanchingassaycan
be usedas a suitablemethodto screenlargenumbersof compoundsfor possible
therapeuticuse.Theassayhasbeenusedby a largenumberof workersto thisend.
Experimentsarenormallycarriedoutby dissolvingthepuresubstancein anorganic
solvent(usuallyethanol)andcomparingthedegreeof blanchingobservedto that
producedby a standardtopicalcorticosteroid,usuallybetamethasone17-valerateor
fluocinoloneacetonide.Compoundswhichhavebeenstudiedin thisfashioninclude
beclomethasonedipropionate(Moore-RobinsonandChristie,1970;Moore-Robin-
son,1971),betamethasone(ChildetaI.,1968;Stoughton,1969;PlaceetaI.,1970),
betamethasonedipropionate(Placeet aI., 1970;Gruvstadand Bengtsson,1980),
betamethasone17-valerate(Child et aI., 1968;Stoughton,1969;Moore-Robinson
and Christie,1970;Moore-Robinson,1971;Bickhardt,1972;Weirichand Lutz,
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1973;Lutz and Weirich,1974;Gruvstadand Bengtsson,1980;Somera,1980),
betamethasoneesters(McKenzieandAtkinson,1964),budesonide(Gruvstadand
Bengtsson,1980),clobetasol17-propionate(Somera,1980),desonide(Gruvstadand
Bengtsson,1980),fluandrenolone(ChildetaI.,1968;Moore-RobinsonandChristie,
1970;Moore-Robinson,1971),fluc1oroloneacetonide(Moore-RobinsonandChris-
tie, 1970;Moore-Robinson,1971),flucortolonecaproate(Moore-Robinsonand
Christie,1970;Moore-Robinson,1971),flumethasonepivalate(Child et aI., 1968;
Moore-Robinsonand Christie,1970;Moore-Robinson,1971;Weirichand Lutz,
1973),fluocinolide(Placeet aI., 1970),fluocinolone(Stoughton,1969;Burdick,
1974),fluocinoloneacetonide(Heseltine taI.,1964;Child etaI.,1968;Stoughton,
1969;Placeet aI.,1970;Bickhardt,1972;WeirichandLutz, 1973;Burdick,1974;
Gruvstadand Bengtsson,1980),fluocinoloneacetonideacetate(Bickhardt,1972),
fluocinonide(Weirich and Lutz, 1973;Burdick,1974),fluocortoloneanalogues
(Bakerand Sattar,1968),fluperoloneacetate(Child et aI., 1968),fluprednylidine
acetate(Bickhardt,1972;Weirichand Lutz, 1973),hydrocortisone(Child et aI.,
1968;Placeet aI., 1970;Weirichand Lutz, 1973;Somera,1980),hydrocortisone
acetate(Heseltineet aI., 1964),hydrocortisone17-butyrate(GruvstadandBengts-
son,1980;Somera,1980),paramethasone(PlaceetaI.,1970),paramethasoneacetate
(Place et aI., 1970),triamcinolone(Placeet aI., 1970),triamcinoloneacetonide
(HeseltinetaI.,1964;ChildetaI.,1968;PlaceetaI.,1970;Bickhardt,1972;Weirich
and Lutz, 1973),triamcinoloneacetonideacetate(Placeet aI., 1970)and a large
rangeof experimentaland novelsteroidsand theirderivatives(McKenzie,1962;
BagatellandAugustine,1974;BarryandBrace,1975;CimarustietaI.,1976).
Biopharmaceuticassessmentsandbioavailability
If differentmanufacturingconcernsproduceformulationscontainingthesame
topicalcorticosteroidin thesameconcentrationit mightbe expectedthatthose
preparationswouldhavethesameclinicalefficacy.In recentyearsit hasbeenshown
thatthis is not necessarilythecase;thetermbio-inequivalencehasbecomecom-
monplacein modernpharmaceuticalresearch.The bioavailabilityof a drug is
definedastherateandextentowhichthedrugin itsformulationis deliveredto the
generalcirculation.Clearlythisdefinitioncannotbeappliedtoasubstanceintended
for topicaluseandperhapshouldberedefinedin thiscaseastherateandextento
whichthedrugis deliveredtothesiteof action.It is difficulttomeasuretheamount
of a topicalcorticosteroidwhichreachesthesiteof action,but sincethedegreeof
observedblanchingis proportionalto thisamount,it canbeusedasameasureof the
bioavailabilityof a particularcorticosteroid.Morespecifically,WoodfordandBarry
(1982)havedefinedbioavailabilityin this contextas the relativeabsorptionef-
ficiencyfor a corticosteroid,as determinedby its releasefrom the formulation
followedby its penetrationthroughtheepidermisinto thedermis,to producethe
characteristicblanchingresponse.A numberof studieshave appearedin the
literaturecomparingthebioavailabilitiesof topicalcorticosteroidformulationscon-
tainingthesamecorticosteroidin thesameconcentration.Topicalcorticosteroids
assessedusingtheskinblanchingassayincludebethamethasone17-valerate(Meyer
et aI.,1981;MeyeretaI.,1983),diflucortolonevalerate(WendtandReekers,1976;
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Colemanet aI., 1978;ReckersandWendt,1980),flucloroloneacetonide(Garnier,
1971),fluocinoloneacetonide(ColemanetaI.,1979),fluocinonide(ReinsteinetaI.,
1972),fluoromethalone(Tissotand Osmundsen,1966)and hydrocortisone(Barry
andWoodford,1976;WoodfordandBarry,1979).Extemporaneousformulationsof
triamcinoloneacetonidehavebeencomparedwithcommerciallyavailableformula-
tions(BurdicketaI.,1970).A noveldrugdeliverysystem,thequickbreakfoam,has
been assessedfor betamethasonebenzoate(Woodfordand Barry, 1977b)and
experimentalformulationsfor amcinonide(WoodfordandBarry,1977a;Woodford
and Haigh,1979).The blanchingassayhasalsobeenusedto studyinteractions
betweenactiveingredientsin topicalcorticosteroidpreparations(Raab,1973;Raab
andWindisch,1973),mixturesof differentcorticosteroidsin thesameformulation
(PoulsenetaI.,1978)andtheplaceboeffectof differentbases(BarryandWoodford,
1972;DurocherandBielmann,1975).
Potencyranking
A greatdealof emphasishasbeenplacedon thescreeningof differentcommer-
cially availabletopicalcorticosteroidpreparationsand manypapershavebeen
publisheddescribingthecomparativeblanchingabilityof theseformulations(Chris-
tieandMoore-Robinson,1970;ColdmanetaI.,1971a;Ishihara,1972,1975;Burdick
etaI.,1973;StewartetaI.,1973;WoodfordandBarry,1973;BarryandWoodford,
1974,1975;Zaynounand Kurban, 1974;Szadurskiet aI., 1976;Haleblianet aI.,
1977;AgrupetaI.,1978;PoulsenandRorsman,1980).The resultsof thesestudies
have led to the establishmentof the now commonpotencytablesfor topical
corticosteroidformulations(Anonymous,1977,1983).
Influenceofformulationfactors
Extemporaneousdilution. Extemporaneousdilutionsof topical corticosteroid
formulationsarecommonlyprescribedby dermatologistsandgeneralpractitioners
(Smith,1982).That thevehiclecompositionhasa directeffecton thereleaseof
corticosteroidsfromtopicalformulationsis welldocumented(OstrengaetaI.,1971a,
1971b,1971c;Hadgraft,1972).For thisreason,manufacturerscontenothatinter-
ferencewith well researchedproductsby dilutionmay resultin a reductionin
clinicalefficacy(MooneyandPierce,1974;Busse,1978).Onepublishedstudyhas
beenconcernedwith the effectof dilution on the blanchingability of topical
corticosteroidpreparations(MagnusetaI.,1981).The conclusionsdrawnwerethat
for a commerciallyavailablebetamethasone17-valeratecream,dilution with a
numberof differentvehiclesdid not adverselyeffectthedeliveryof corticosteriod
from thedilutionfor up to 3 monthsafterpreparation.However,generalizations
maybepremature;becauseabasehasbeenfoundtobecompatiblewithaparticular
corticosteroidin a particularformulation,it doesnot implythatthesamebasewill
beequallycompatiblewithall corticosteroidcontainingformulations.Althoughthe
releasecharacteristicsmayremainrelativelyunaffectedasa resultof thedilution,a
decreasein clinicalefficacymayoccurthroughtheinjudiciouschoiceof a diluent
due to increasedrisk of degradationas a consequenceof a pH or otherchange.
Otherstudiesin thisfield(BarryandWoodford,1978;TannerandWoodford,1981;
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Woodford,1981;GibsonetaI.,1982)havealsoshownthattheblanchingassayis a
usefulmethodfor studyingtheeffectof dilutionon corticosteroidrelease.
Accelerants.Probablythe mostimportantfeatureof a topicalcorticosteroid
formulationin termsof its clinical efficacyis its ability to releasethe active
ingredientinto theskin.It hasbeenobservedthatseveraladjuvants,whenincorpo-
ratedinto topicalformulationsincreasethereleaseof thecorticosteroidfromthe
preparation,consequentlymuchresearchhasbeencarriedout on this aspectof
formulation.Accelerantcompoundswhich havebeenstudiedusing the human
blanchingassayincludedimethylacetamide(Sarkanyet aI.,1965),dimethylsulpho-
xide(Sarkanyet aI., 1965),1-dodecylazacycloheptan-2-one(Stoughton,1982),iso-
propyl myristate(Pepleret aI., 1971),propyleneglycol (Ostrengaet aI., 1971b;
Pepleret aI., 1971;Amundsenet aI., 1981;Rosvoldet aI., 1982),salicylicacid
(Wienertand Blazek,1981),sodiumpolyhydroxycarboxylate(Gloor and Linde-
mann,1980),sodiumpyrrolidonecarboxylate(GloorandLindemann,1980),sulphur
(GloorandLindemann,1980),tetrahydrofurfuryla cohol(SarkanyetaI.,1965)and
urea(GloorandLindemann,1980).
Stability
Thehumanblanchingassayhasalsobeenusedtomonitorcorticosteroidegrada-
tion in a commerciallyavailablebetamethasone17-valeratecreamwhichhadbeen
dilutedextemporaneously(MagnusetaI.,1981).The transformationof betametha-
sone17-valeratetobetamethasone21-valerateovera periodof timewasdetermined
utilizinga high-performanceliquid chromatographicanalyticalmethodand the
decreasein blanchingobservedcorrelatedwiththereductionin concentrationof the
activeingredient.
Establishmentofdosageregimens
It hasrecentlybeenshown(Du Vivier and Stoughton,1975,1976;Du Vivier,
1976)thatrepeatedapplicationof topicalcorticosteroidformulationsto thesame
skin site causedtachyphylaxisof the blanchingresponse.The first application
causedtheusualdegreeof blanching,but on subsequentapplicationtheblanching
responseshoweda dramaticdecrease.After a restingperiodof 4 daysthe sites
apparentlyrecoveredsincenew applicationagainproducedblanchingbut on
repeatedapplication,tachyphylaxiswasagainobserved.The originalworkon this
subjectwasextended(AltmeyerandCremer,1977)to othercorticosteroidsunder
occlusion;tachyphylaxiswasagaindemonstrated.Thebasicconceptof tachyphyla-
xis to repeatedapplicationof topicalcorticosteroidformulationsto thesameskin
sitehasbeenutilizedto establishidealdosageregimensfor a numberof different
formulations(BarryandWoodford,1977;WoodfordetaI.,1983).
Futureareasof investigation
It is quiteclearthatthehumanskinblanchingassayis nowwell-establishedasa
valuablemethodfor assessingtopicalcorticosteroids.Thereare,nevertheless,several
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aspectswhichdeservefurtherattention.Consideringthe assayprocedureitself,
optimizationof themethodof applicationof thetestmaterialsto theapplication
siteswouldenhancetheefficiencyof thesystem.Thedevelopmentof anautomated
quantitativeinstrumentalmethodof measuringthe degreeof blanchingwould
reducethetediumof themanyvisualobservationsnecessary;in additionanincrease
in accuracy,precisionandreproducibilitywouldresult.
Sincethemechanismof blanchingis not fully understood,moreinvestigations
into thisareaarerequired.Manyquestionsneedtobeansweredin thisrespect,i.e.
whatis theexactmechanismof blanching?why do someindividualsblanchand
_othersnot?whydo thoseindividualswho do not blanchstill respondto topical
corticosteroidtherapy?whateffectdoesskinmetabolismof thecorticosteroidhave
on the blanchingresponse?what part does the reservoirplay, if any, in the
productionof theblanchingresponse?
Whilst manyof the biopharmaceuticalfactorsaffectingthe releaseof corti-
costeroidsfromtopicalpreparationshavebeenelucidated,it remainsnecessaryto
continuewith theseinvestigationsand assesstheinfluenceof theever-increasing
rangeof noveladjuvantsand excipientsbeingintroducedfor use in semi-solid
dosageforms.In thisrespect,newformulationscontainingwell-establishedcortico-
steroidsshouldnot be consideredbioequivalentwith previouslyassessedprepara-
tions.Comparativebioavailabilitydataobtainedusing thehumanskinblanching
assaycouldprovidevaluableinformationto theregulatoryauthoritiesconcerned
withtheregistrationof newproducts.
The introductionof highlypotenttopicalcorticosteroidpreparationshasgiven
rise to concernrelatingto systemicabsorptionand consequentundesirableside
effects.Researchdesignedto determinewhethera correlationexistsbetweenthe
blanchingabilityandserum/plasmaconcentrationsof appliedcorticosteroidscould
beof usein toxicitystudies.
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